The 'bell-shaped' curve relating cytosolic Ca 2+ concentration to IP 3 receptor activation is considered important in the generation of the complex Ca 2+ signals seen inside many cells. But recent findings suggest this bimodal relationship is not always evident and may not apply to some IP 3 receptor isoforms. The stimulation of cells with agonists that activate phospholipase C, and hence increase the cytoplasmic concentration of inositol 1,4,5-trisphosphate (IP 3 ), often produces complex intracellular Ca 2+ signals, such as Ca 2+ waves [1] . The key to understanding how Ca 2+ waves propagate was the observation that the Ca 2+ wave velocity and concentration gradient was maintained as the Ca 2+ waves swept across cells. This implies that Ca 2+ waves propagate, not passively by diffusion, but rather actively through sequential activation of Ca 2+ release units that regenerate the Ca 2+ wave as it travels. The mechanism underlying the regenerative Ca 2+ release process was the subject of much debate until several groups showed that IP 3 receptors are under dual regulation by both IP 3 and cytosolic Ca 2+ (for review see [2] ). IP 3 receptors were found to be activated synergistically by IP 3 and low (< 1 µM) cytosolic Ca 2+ concentrations, but inhibited by high (> 1-10 µM) Ca 2+ concentrations.
The stimulation of cells with agonists that activate phospholipase C, and hence increase the cytoplasmic concentration of inositol 1,4,5-trisphosphate (IP 3 ), often produces complex intracellular Ca 2+ signals, such as Ca 2+ waves [1] . The key to understanding how Ca 2+ waves propagate was the observation that the Ca 2+ wave velocity and concentration gradient was maintained as the Ca 2+ waves swept across cells. This implies that Ca 2+ waves propagate, not passively by diffusion, but rather actively through sequential activation of Ca 2+ release units that regenerate the Ca 2+ wave as it travels. The mechanism underlying the regenerative Ca 2+ release process was the subject of much debate until several groups showed that IP 3 receptors are under dual regulation by both IP 3 and cytosolic Ca 2+ (for review see [2] ). IP 3 receptors were found to be activated synergistically by IP 3 and low (< 1 µM) cytosolic Ca 2+ concentrations, but inhibited by high (> 1-10 µM) Ca 2+ concentrations.
A graph in which the probability of IP 3 receptor being in the open state is plotted against the cytosolic Ca 2+ concentration yields a 'bell-shaped' curve ( Figure 1 ). This has provided the basis for a widely accepted mechanism of Ca 2+ wave propagation. Essentially, the IP 3 produced during cell stimulation was thought to rapidly diffuse into the cytoplasm and equilibrate with its receptors, thus sensitising them to Ca 2+ The original observation of a bell-shaped dependence of IP 3 receptor opening on cytosolic Ca 2+ used only modest concentrations of IP 3 to activate the channels. Under these conditions a bell-shaped curve is expected. As the concentration of IP 3 is increased, however, the inhibitory effect of Ca 2+ becomes less pronounced (see [2] and references therein). As recently reported in Current Biology, Adkins and Taylor [3] have provided an elegant explanation for this observation. They found that a high cytosolic Ca 2+ concentration could completely inhibit Ca 2+ release (Figure 1 ). But lumenal Ca 2+ does not protect IP 3 receptors from inhibition by cytosolic Ca 2+ , so only the activatory part of the bell-shaped curve is lost [7] .
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Figure 2
The steps leading to activation or inactivation of IP 3 receptors. The figure depicts the interconversion of a single IP 3 receptor that starts in the basal state (yellow), depending on IP 3 binding and occupation of sites for cytosolic and lumenal Ca 2+ ions (blue spheres). The colours denote different IP 3 receptor configurations, with green and red indicating open and closed states, respectively. The amber coloured receptors are neither activated nor inhibited. In each case, the part of the receptor facing into the cytosol is that above the plane of the membrane, and that facing into the lumen is below the plane of the membrane. The studies described above lead to the conclusion that there is not a single bell-shaped curve relating cytosolic Ca 2+ and IP 3 receptor activation. Rather, the Ca 2+ -dependence of IP 3 receptor gating depends on various parameters. Furthermore, in light of the studies of Adkins and Taylor [3] and others [4] [5] [6] [7] , a scheme can be devised to illustrate the steps involved in IP 3 receptor activation and inhibition (Figure 2 ). The essential new finding is that IP 3 binding acts as a molecular switch between Ca 2+ binding to the activatory or inhibitory binding site.
It should be noted that the scheme depicted in Figure 2 does 
